Tracheotomy is a commonly performed procedure; however, in the obese, it can be associated with a high morbidity and mortality, partially due to accidental decannulation. We hypothesize that a simple and rapid measurement of the DPST on CT will accurately predict those patients in need of an extended-length tracheotomy tube.
T racheotomy has increased in popularity as a means of longterm ventilation for patients. Today, it is one of the most commonly performed surgical procedures and is generally tolerated well. Several complications of tracheotomy are wellestablished in the literature. One of the most serious initial complications of tracheotomy tube placement is that of tube dislodgement, which is reported to occur in approximately 1.5% of procedures. 1 Rates of complications in obese patients, however, are higher in several series. 2, 3 Tube displacement results in airway compromise, often with resultant long-term morbidity or mortality from hypoxia. 1, 4 Several types of tracheotomy tube classes are available for procedures, designed to fit specific patient populations. Most patients are fitted with a standard-length tube, which come in a variety of internal diameters. Proximal extendedlength tubes are less commonly used but become necessary in patients with abundant anterior soft tissue. 4, 5 The choice of tube length and type is often guided by the surgeon's experience, a qualitative evaluation of patient body habitus, and tube fit during the procedure.
Tube dislodgement typically occurs within a few days of the procedure. The causes of tube dislodgement are multifactorial and include tube length, neck thickness, postoperative swelling, and poor securing of the tube. 1 Neck thickness is often related to obesity, and obesity rates in the United States are increasing.
The purpose of this study was to determine whether an independent metric, the depth of soft tissue over the tracheotomy site as measured on CT, can be used as a guideline for the appropriate length of the tracheotomy tube needed for placement. If a quantitative objective metric to identify those patients who may benefit from a proximal extended-length tube could be determined, it may positively affect tube-dislodgement rates.
Materials and Methods
Following an institutional review board-approved process, we performed a retrospective review of the electronic medical record to identify adult patients who underwent tracheotomy tube placement at a single tertiary care institution during a 5-year period from 2003 through 2008. Patients who did not have a CT scan covering the level of the first and second tracheal rings within 1 month before surgery were excluded from the study. Although the study was initially intended to evaluate CT of the neck only, it was found during record review that occasionally a CT of the chest was inadvertently extended cranially and covered the appropriate anatomic region of concern. CT of the chest should not, however, be routinely extended to include the thyroid gland or tissues superior to the thyroid due to the concern for radiation exposure to the thyroid gland. Nonetheless, this information was included in our review and analyzed separately as described below due to differences in patient positioning.
CT was performed on multiple different CT units available in the department during the range of time included in the retrospective review: Picker PQ 5000 (single-section spiral CT; Picker International, Cleveland, Ohio), LightSpeed 16 (16-section multidetector CT; GE Healthcare, Milwaukee, Wisconsin), LightSpeed VCT (64-section multidetector CT, GE Healthcare), and Discovery ST (16-section multidetector PET/CT, GE Healthcare). Due to the variety of CT units in use in the department during the course of the review, no consistent protocol could be applied to the reviewed studies.
The CT scans and electronic health records of the patients were reviewed. Measurement of the DPST at the level of the first and second tracheal rings was performed and correlated to the choice of tracheotomy tube at surgery. Although tracheotomy can be performed at a variety of levels in the trachea, the first and second tracheal rings were chosen due to their relative ease of identification as a fixed level measurement to provide comparison. In addition, the arm position (typically arms at the sides for neck CT and arms elevated above the head for chest CT) was recorded because it was thought that arm position may have an effect on the DPST measurement. The postoperative course was reviewed to evaluate complications.
Preliminary measurement data were collected from a random selection of 19 patients who underwent neck CT and did not have a tracheotomy procedure recorded in the medical record. The samplesize calculations were performed by using an ␣ of .05 and a power of 80% for an anticipated 2-sided test. Sample size by using the average soft-tissue measurement in the preliminary group (1.5 cm) indicated that 16 patients in each group would be needed to test a differentiation of at least 0.7 cm.
Patients were grouped according to several variables: use of proximal extended-length tracheotomy tube, surgeon type (ENT or general), BMI, and reason for tracheotomy. BMI was divided into 4 categories: Ͻ25 ϭ healthy, 25-29 ϭ overweight, 30ϩ ϭ obese, and unknown. The distribution of all variables was evaluated. Bivariate comparisons were checked between the outcome and all possible predictors (Fisher exact tests were used for categoric variables, and 2-sample t tests, for continuous variables). Logistic models were then fit by using the DPST measured by CT for predicting whether an extender was used; then, a logistic model was performed with BMI as the main predictor. Both the final models for BMI (adjusted for ENT) and DPST (adjusted for arm position) were checked for lack of fit by using the Hosmer-Lemeshow test. The 2 models were then compared on predictive power by using the same pseudo-R 2 measure. All significant covariates were included in the final model. Interaction terms were checked. All analysis was done by using the statistical software SAS 2002-2008 (SAS Institute, Cary, North Carolina), and P values Ͻ .05 were considered statistically significant.
Results
Five hundred twenty-two patients underwent tracheotomy tube placement during the review period. Of these, 293 patients had an appropriate CT and were eligible for analysis (56%). Nineteen patients (6.5%) had a tube placed with an extended proximal length. Patient data are summarized in Ta The unadjusted OR per unit increase in DPST (centimeters) predicting proximal extended-length tube use was 5.1 (95% CI, 2.9 -9.1; P Ͻ .001). After adjustment for arm position (final model), the OR per unit increase in DPST predicting proximal extended-length tube use was 8.1 (95% CI, 3.6 -18.2; P Ͻ .001). Those patients with a greater DPST had significantly higher odds of having a proximal extendedlength tube used. The interaction between DPST and arm position was checked but was not included in the final model. Instead, a logistic model of throat depth predicting proximal extended-length tube use was created, stratified by arm position. It was found that among those with a raised-arm position, the OR of extender use was 14.5 (95% CI, 2.6 -81.2), and among those with a lowered arm position, the OR was 5.5 (95% CI, 2.4 -12.4). With these models, the predicted probability of a proximal extended-length tracheotomy tube based on DPST was calculated. These data, for both the arms-up and arms-down positions, are graphically displayed in Figs 1 and 2 .
The alternate model demonstrated that increasing BMI or having an otolaryngologist surgeon both had significantly higher ORs of a proximal extended-length tube being used (BMI: 1.2, 95% CI, 1.1-1.3; ENT: 3.2, 95% CI, 1.0 -9.7). Neither the final model for BMI (adjusted for ENT) nor that for DPST (adjusted for arm position) displayed evidence of lack of fit by the Hosmer-Lemeshow test. Comparison of the 2 by using the pseudo-R 2 measure for model comparison purposes suggested that the DPST model was the better predictive model. 
Discussion
Image-based measurement is common in many specialties; presurgical measurement for orthopedic implants and intravascular devices is considered standard of care. To our knowledge, however, this has not been applied to the placement of tracheotomy tubes. Here we sought to establish a baseline to determine if cross-sectional imaging could provide meaningful information to the preprocedural work-up of tracheotomy. The use of CT has increased dramatically in recent years, and as such, many patients have preprocedural imaging evaluation that covers the expected anatomic area of tracheotomy tube placement. In our study, more than half of the patients (56%) had imaging performed within 1 month before their procedure. Anecdotally, it was suggested in the patient's chart that an outside study was available for review in most of the remaining patients, and as such, most patients who present for tracheotomy probably have an available study for measurement. The aim of this study was not to encourage overuse of cross-sectional imaging or indeed to perform cross-sectional imaging for the purposes of obtaining this measurement. Instead, this illustrates the point that the information about the DPST is readily available in most cases.
The measurement of DPST on CT proved to be an easily performed technique that reliably predicted the use of a proximal extended-length tube at surgery. Stratified logistic regression models (Figs 1 and 2) indicate that above 3.9 cm in the arms-down position and above 5.0 cm in the arms-up position, there is a 20% probability of needing a proximal extended-length tube; above these depths, the probability rapidly increases. It is at these levels, therefore, that the use of a proximal extended-length tube should be entertained and made available during surgery.
The type of scan performed made considerable difference in the depth of anterior soft tissue. In the arms-down position (typically performed as a neck CT), the depth of anterior soft tissue was significantly less than that in the arms-up position (typically performed as a chest CT), though chest CT does not typically involve imaging the thyroid or tissues cranial to the thyroid gland. Knowledge of patient positioning is, therefore, important because application of the measurements differs (as above). The advantage, however, is that the use of any CT that covers the appropriate anatomy is possible.
Another objective measurement, BMI, also had a direct correlation with the choice of tracheotomy tube type. The predictive value is less than that of CT however. In the absence of imaging covering the appropriate anatomy, other metrics can be substituted, and performing a CT for the purposes of measurement is not necessary. Alternatively, a method of measuring the DPST by sonography has been recently described. 6 Although sonography was not evaluated in our study, it would be expected that the results of measurement by sonography would be applicable to this model, depending on patient positioning. If a CT scan covering the appropriate anatomy is not available, CT should not be the imaging technique of choice if a measurement of DPST is desired before surgery. Sonography has multiple advantages over CT, including lack of ionizing radiation, portability, speed, and low cost.
This retrospective analysis has several drawbacks. Foremost, patient follow-up was extremely limited. Tracheotomy is often the last procedure to be performed before the patient leaves our facility for a long-term rehabilitation or nursing environment. Analysis was based on the recorded surgical note for the procedure, which may not have included a notation regarding the use of a proximal extended-length tube.
Conclusions
The DPST measurement on CT is an easily performed metric, which has significant correlation to the use of a proximal extended-length tracheotomy tube. This model should be verified and refined by prospective application. The use of CT specifically for the preoperative evaluation before tracheotomy is not endorsed because physical metrics (ie, BMI) or alternative imaging such as sonography have multiple benefits. However, with the increasing use of imaging, the CT data may be available for many patients and can be quickly and easily reviewed before surgery and have the potential to reduce the risk of early decannulation.
